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While single event detection based imaging, referred to as electron counting, is starting to be widely adopted, several challenges still remain. One of these is, accurately identifying the entry point of the primary electron given the secondary electron puddle produced by it. Succeeding here reduces imaging noise, improves detector efficiency and allows for super-pixel accurate reconstruction [1] . It has been shown that these secondary electron puddles can vary greatly in shape and size [2] . While several techniques have been proposed [2] , there is no consensus on which of these is optimal and why they would be better. Here, we investigate the shape and size of these secondary electron puddles to better understand how electron counting can be improved.
We present results from several shadow experiments, where a beam blanker is used to block a part of the electron beam, performed using the DE-16 detector (Direct Electron, LP, San Diego, CA, USA) on a JEM-2200FS transmission electron microscope (JEOL USA Inc, Peabody, MA, USA). These experiments are used to study the differences between the secondary electron puddles in the exposed region and the shadow of the beam blanker ( Fig. 1) . Indeed in our experiments significant number of secondary electron puddles could be seen in the shadow region, which was previously conjectured to arise from electrons scattered back into the detector from the detector's surface, electrons scattered by the microscope column, and Xray photons generated when electrons are absorbed by the beam blanker and the microscope column [3].
We found a statistically significant difference between the distribution of sizes of secondary electron puddles in the exposed and shadow regions (Fig. 2a) . The puddles in the shadow region have larger variance in size than puddles in the exposed region. Although the secondary electron puddles vary greatly in shape, they appear to share common morphological features (Fig. 2c,d) . Further, there appears no statistically significant differences in the shape of electron puddles found in the exposed versus shadow regions. We quantify the frequency of such stray electrons for the DE-16 detector (Fig. 2b) , and speculate on possible strategies for noise reduction. (c) Euclidean distance matrix whose th element is the dissimilarity between the shapes of the th and th secondary electron puddles of area 5 pixels. The distances were computed using pixel intensities as features. The puddles were rotated so that their principal axes are aligned with the -axis before computing the distances. Equal numbers of puddles were randomly chosen from shadow and exposed regions. The rows and columns of are sorted such that secondary electron puddles that belong to the same cluster appear together. The darker diagonal blocks represent puddles that are morphologically similar. (d) Same as (c) except the puddles from the shadow region are highlighted in red.
